ABSTRACT The concept o[ the King George Island Expert GIS (KGI-XGIS) is introduced. KGI-XGIS is a combination of a rule-based expert system and a GIS meant to form an intelligent spatial decision support system. The system provides the spatial knowledge necessary for the environmental impact asses_sment proc~'~s as dictated by the ' Madrid Protocol' for King George Island (South Shetland Islands, Antarctica). It also serves as ini'ormation system to the scientific user community. Topographic maps, remote sensing data, thematic maps based on field surveys and other digital data form the input data to the GIS. Given the sparseness of the available data these must be combined and u~:t in the most efficient way.
Introduction
King George Island (South Shetland Islands, Antarctica) is one of the most densely populated areas in Antarctica. Permanent stations of nine different nations and an airstrip suitable for huge aircrafts are located on its ice free areas. T h e e areas comprise less than 5 % of the island but carry most of the fauna and flora. The concentrated human activities result in considerable impacts on the vulnerable ecosystems and to a severe degradation of the A vital part of the necessary information is spatial data. As the state-of-the-art tool to handle such data a geographic information system ( G I S ) should be used to provide the spatial information that relates to the planned activiti~ [3'4] . Although GIS have emerged into a tool that is easy to use through common graphical user interfaces ( G U I ) there is still a considerable lack of knowledge among potential users about how to use the systems to derive the desired information. Unfortunately, at present http://www.springerlink.com/content/d2l51x71p8211355/
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GIS can only be regarded as data processing systems but they largely lack the ability to process knowledge on bow to use the data in a meaningful way. The latter step is left to the user but often GIS users are non-experts in handling spatial data.
Common pitfalls when using GIS, not always realised by the users themselves, include unstructured definition of the problem, insufficient or inappropriate data,incomplete information on which data exist, a principal uncertainty about the relevance of data sets to use and last but not least only a basic knowledge about the analysis techniques and their proper use.
To avoid these problems the aim of the KGI-XGIS is to aid non-and semi-specialists in using spatial data sets as decision support in the process of environmental impact assessments (EIA).
The XGIS should therefore: 1) provide spatial data from various sources for environmental assessments, In addition to the use as a decision support system for EIA the KGI-XGIS is also a valuable tool as information system to the scientific user community.
Expert GIS
To add the capability of processing knowledge about the spatial data an expert system (XS) is wrapped around the GIS like a shell. As is elaborated in the quotation above, relevant experts for EIA processes in Antarctica include researchers who can judge the environmental sensitivity and threats, logistics personnel who is able to specify the technical needs and people with field experience in the area of interest. In structured interviews the expert knowledge in the domain of interest will be collected from as many experts as possible. The acquired knowledge then must be formalised and coded into production rules. Acquiring the knowledge is a heuristic process and it will often be necessary to refine the interviews and to ask the experts again to improve the knowledge base.
The knowledge acquisition process requires either a knowledge engineer who knows how to handle the knowledge acquisition module of the expert system shell or a module that provides an easy to use and intuitive GUI. First the area of interest has to be delimited. This is done by using standard GIS functions through the GIS GUI like zooming in or out and dragging a polygon ( Fig. 3(a) ). In a second step the planned activity must be defined and specified by selecting buttons of a menu the system presents polygon (Fig. 3 (b) ). Once the activity is specified the XGIS checks its knowledge base for possible actions related to the activity. If necessary it may request more details. Now the system automatically identifies all possible outputs of all the actions. This is the result the A&A module presents to the E&I module,which has been shown in Fig. 2 . The E & I module checks for'the necessary data sets it needs to determine the environmental conditions and asks the SI&SA module to provide these data sets. This module now tries to provide the best spatial information available by selecting existing data sets and performing appropriate analysis on them (Fig. 3(c) ).
Once the information about the relevant environmental conditions is available to the E& I module it produces the desired output in the form of maps and reports ( fig. 3(d) ) which then support the de- 
. 2 Example 2 Guiding through the data quality jungle
Current GIS are used through graphical user interfaces ( G U I ) which allow easy handling of the systems even to non-specialised users. On one hand this is a desirable effect as everyone can use and produce spatial 'data sets through these GUIs. On the other hand inexperienced users may produce nonsensical results in applying inappropriate analysis techniques on spatial data sets. This is easily done by using the menu bars and clicking on the buttons of the GIS GUI. Still the system provides excellent looking results like maps or new attributes to spatial entities. The danger is that we trust these meaningless results and base decisions on them.
To avoid this "garbage in -gospel out" effect, data quality information must be included as a vital part of the analysis process and must be clearly indicated on the final outputs of the system. Although data quality information is often complex to under-
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stand, let alone to use, the data must comply to quality standards, the user must recognise data quality and the final product should carry data quality attributes. The aim of the data quality submodule,which forms a part of the SI&SA Module, is to use given quality information throughout the analysis processes and to produce a report on data quality that even potential non-experts can understand.
Data quality information will represent an essential part of the data model for the KGIS. The model will comply with the forthcoming ISO TC 211
standard. An overview of this abstract data quality model is given in Fig. 4 , in which data quality is de- 
Implementation
Constructing expert systems from scratch is not necessary. Expert system shells are tools that make things much easier. These shells can be regarded as 
Outlook
To demonstrate the capabilities of the KGI-XGIS a preliminary and rather simple version with expert knowledge for only certain selected domains will be constructed. In the second step expert knowledge for all the submodules will be derived from interviews with experts and coded into the system. After improvement and adjustment of the human-machine interfaces to the needs of potential users the system will support implementing the 'Madrid Protocol'.
